The structures of methyl-and ethyl-derivatives of cyclohexanone have been studied using a variety of methods. [1] [2] [3] The microwave spectra of 4-, 3-and 2-methylcyclohexanone for the ground state and a few excited states have been observed and analyzed in the frequency region of 18.0 GHz to 26.5 GHz. 1, [3] [4] [5] The methyl group internal rotation has not been seen in either molecule, and a minimum of 2.5 kcal/mol for the rotational barrier height was assumed for 4-methylcyclohexanone.
There have been some resonance enhanced multiphoton ionization (REMPI) studies of methyl-and ethyl-derivatives of cyclohexanone and cyclopentanone molecules. 6 In addition to microwave spectrum, there has been employed REMPI (resonance enhanced multi photon ionization) method to investigate the conformers of methyl-and ethyl-substituted cyclic ketone and cyclic ether including oxygen. In [2+1] REMPI process, molecule occurs (3s ← n) Rydberg transition so that transition origin is shifted to blue or red depending on the position and the orientation of substituent on the ring. An ab initio density functional theory has been applied to calculate not only the structure of cyclohexanone, but the unpolarized vibrational spectra of isotopomers of cyclohexanone as well. 7 The structural information was compared with electron diffraction structure and liquid-phase IR spectra. 8, 9 The microwave spectrum of 4-ethylcyclohexanone is also reported and confirmed the structure of its ground state. 10 To measure the dipole moment of 3-methylcyclohexanone in the gas phase, the rotational spectrum of 3-methylcyclohexanone in the ground state is measured in the frequency region of 5 GHz to 18 GHz. The improved spectroscopic constants and dipole moment of 3-methylcyclohexanone are reported in this paper.
Experimental
The rotational spectrum of 3-methylcyclohexanone was measured by using FTMS (Fourier Transform Microwave Spectrometer) with a pulsed gas nozzle described previously. 11, 12 The sample of 3-methylcyclohexanone was obtained from Aldrich Company. About 1 -2 atm of Ar gas was bubbled through a liquid sample of 3-methylcyclohexanone just upstream of a pulsed gas valve. The nozzle is perpendicular to the microwave cavity axis and typical linewidths of about 20 kHz (FWHM) resulting from Doppler broadening were observed and center frequencies were reproducible to ±2 kHz. Two parallel plates supplied DC voltage up to 8 kV was chosen for the Stark electric field.
Result
Thirty-two a-type, forty-two b-type, and fourteen c-type transitions have been observed and listed in Table 1 . The rotational and centrifugal distortion constants were fit using a Watson S-reduced Hamiltonian,
where A, B, C are the rotational constants, DJ etc are five P4 centrifugal distortion constants. The fitted spectroscopic constants are shown in Table 2 .
The second-order Stark effects were measured on 8 M components of 3 transitions 211-101, 303-202, and 313-212. Perturbation theory to second order is sufficient to account for the Stark splitting with the accuracy of most measurements which are made with an imposed field of a few thousand volts/centimeter. When there is no 1 st order effect, one often finds it advantageous to apply several thousand volts/centimeter to obtain sufficiently large displacements for precise measurement of ∆ν. To determine the dipole moment, DC voltages of up to +/-8 kV were applied with opposite polarities to two steel-mesh parallel plates that were 30 cm apart, straddling the microwave cavity. At each voltage, a Stark-shifted transition of 3-ethylcyclohexanone and OCS were measured sequentially as a function of electric field. The calibration of the electric field was performed using the frequency shift of ∆MJ = 0 component of OCS transition (J = 0-1) and the dipole moment of OCS (0.71521 D) reported by Muenter. 14,15 The second-order Stark effects (∆ν/ε 2 ) for 8 M components from 3 transitions of 3-methylcyclohexanone were determined. The second-order Stark effects for 2 M J components of 211-101 transition were shown in Figure 1 . A least-squares fit of ∆ν/ε 2 using the calculated second-order coefficients gave µa = 2.527(1), µb = 1.795(3), µc = 0.836(5), and µtot = 3.210(2) D. The experimental values of ∆ν/ε 2 are listed in Table 3 . The measured ∆ν/ε 2 are in good agreement with the calculated. The induced dipole moment of the methyl group is calculated assuming that the carbonyl group is the major contributor to the dipole moment of the molecule. The calculated induced dipole moment of the methyl group is 0.382 D using the simple vector model and the dipole moment of cyclohexanone (3.246 D). The dipole moment of 3-methylcyclohexanone is compared with that of 4-methylcyclohexanone (3.263 D). 4 The introduc- 
